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Abstract
OBJECTIVE: To examine whether transcutaneous
electric nerve stimulation at acupoints (Acu-TENS)
improved the biochemical and physical indices of
patients with type 2 diabetes mellitus (T2DM).
METHODS: Ninety subjects with T2DM were divid-
ed randomly into a control group (n = 30), aerobic
exercise group (n = 30), or Acu-TENS group (n = 30).
In addition to conventional diabetes drug treat-
ment, patients in the Acu-TENS group received acu-
point stimulation, the aerobic exercise group en-
gaged in walking exercises, and the control group
was given sham electrical stimulation. All groups
were treated for 30 min for each session and five
times a week for 2 months. The indices of glycosyl-
ated hemoglobin, 2 h postprandial glucose, fasting
serum insulin, triglyceride, total cholesterol, and
body mass index were assessed at pre-treatment,
post-treatment, and follow-up, which was 2 months
after treatment.
RESULTS: The indices of the control group were
not changed (P > 0.05) at the three time points. At
the pre-treatment measurement, there were signifi-
cant differences (P > 0.05) in indices among the
three groups. At post-treatment, each index of the
two groups was lower than that of the control
group (P < 0.05), and improved in comparison with
the pre-treatment measurement (P < 0.05). In fol-
low-up, each index of the aerobic exercise group
and Acu-TENS group increased, but was still de-
creased compared with the pre-treatment value
(P < 0.05), excluding body mass index.
CONCLUSION: Acu-TENS could improve the state
of patients with T2DM and be used as a therapy in
clinical application.
© 2015 JTCM. All rights reserved.
Key words: Diabetes mellitus, type 2; Transcutane-
ous electric nerve stimulation; Acupuncture points;
Exercise
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INTRODUCTION
Patients with type 2 diabetes mellitus (T2DM) ac-
count for around 90% of all diabetics and the disease is
characterized by insulin resistance and insulin hypose-
cretion.1,2 Controlling the progress of diabetes is impor-
tant since tremendous harm is attributed to complica-
tions in its late stage, for example, peripheral neuropa-
thy, microvascular disease, and infection. Drug therapy
is a basic intervention while non-drug interventions in-
clude diet control, aerobic exercise, or acupuncture, es-
pecially in mainland China. The use of acupuncture
therapy not only regulates the immune function of the
body, but also normalizes its metabolism.3,4 Some stud-
ies5,6 have shown that acupuncture at specific acupoints
for patients with diabetes could improve some blood
indices and minimize the incidence of diabetic periph-
eral neuropathy. However, there are limitations in us-
ing acupuncture, such as risk of infection,7 while others
are reluctant to receive needling because of pain induc-
tion. Furthermore, aerobic exercise is a more common
practice for managing T2DM. Exercise can increase pa-
tient insulin sensitivity, and improve blood and physi-
cal fitness indices.8-10 Nevertheless, not all types of aero-
bic exercise are effective and a certain loading in terms
of time and intensity is required. Studies have shown
that at least 30 min of exercise daily several times per
week is the required minimum. However, some elderly
patients suffering from arthritis or heart disease with
limited mobility find it difficult to exercise, so other
non-pharmacological treatment such as electrical stimu-
lation is needed.11,12
Recently, electrical stimulation has been used for the
treatment of pulmonary diseases,13 diabetic microangi-
opathy, and peripheral nerve lesions.14,15 Miyamoto et al 16
found that percutaneous electrical muscle stimulation
could reduce blood glucose in patients with T2DM.
Transcutaneous electric nerve stimulation at acupoints
(Acu-TENS) therapy combines the advantages of elec-
trical stimulation and acupuncture therapy. We used
acu-TENS to stimulate selected and specific points
in patients with T2DM, and compared its results
with those of sham electrical stimulation and aerobic
exercise.
MATERIALS ANDMETHODS
Participants
Ninety subjects diagnosed with T2DM in Shanghai,
China were recruited by Huashan Hospital Affiliated
to Fudan University from 2010-2012. The inclusion
criteria were: (a) meeting the 1999 WHO diagnostic
criteria for diabetes,17 with fasting plasma glucose
(FPG) ≥ 7.0 mmol/L, or 2 h postprandial glucose (2h
PG) or random plasma glucose ≥ 11.1 mmol/L; (b) dis-
ease course > 1 year; (c) signed informed consent; and
(d) age ≥ 55 years and ≤ 75 years. The exclusion crite-
ria were: (a) serious complications of diabetes and exer-
cise contraindications by electrocardiogram, urinalysis,
ophthalmology, or blood pressure checks; (b) severe
myocardial ischemia, diabetic nephropathy with renal
failure, positive urine ketone bodies, proliferative reti-
nopathy, or severe hypertension; (c) fasting blood glu-
cose exceeding 16.7 mmol/L; and (d) limbs with metal
implants. All subjects fulfilling these criteria were invit-
ed to participate in the study, and the aims and proce-
dure of the study were explained before written con-
sent was obtained and conformed to the ethical stan-
dards of Huashan Hospital Ethics Committee. Ethical
approval coded 2010-004 (1) from the Ethics Commit-
tee of Huashan Hospital was sought prior to the start
of the study. Registration number from Chinese Clini-
cal Trial Registry is ChiCTR-TRC-10001160.
Procedures
Ninety patients with T2DM were randomly assigned
to a control group (n = 30), aerobic exercise group (n =
30), or Acu-TENS treatment group (n = 30). The re-
sults of demograhphic data among three groups
showed in Table 1. According to the sample size, the ta-
ble of random numbers was produced by statistical soft-
ware SPSS 13.0 (IBM, Chicago, IL, USA). Participants
were grouped according to registration order and the
selected random sequence number by the research cen-
ter. In addition to regular medication for the diabetes,
acupoints were selected and stimulated for Acu- TENS
groups while the control group was given sham electri-
cal stimulation. Treatment consisted of 5 sessions a
week, 30 min per session, for 2 months. Patients in the
aerobic exercise group had a similar protocol and they
engaged in aerobic exercise for 30 min instead of acu-
point stimulation during each session. An independent
assessor checked the subjects' drug compliance
throughout the study. No patients withdrew from any
group. The flowchart, Figure 1, describes the outline of
the study. Before treatment, all patients underwent an
assessment by the practitioners and were guided in the
daily diet to reduce the effect of food and drink. Then,
they received different treatment.
Aerobic exercise training
All subjects were provided with a record sheet and a pe-
dometer (Omron electronic pedometer HJ-301, Shang-
hai, China). Their average figures of daily walking were
taken as the baseline to calculate the distance walked
during an hour and from one day's activity. Increasing
5% of one-hour daily activity was regarded as the
amount of one-hour activity and increasing 10% of
one-day average activity was regarded as the amount of
one-day activity in this study. These measures could
distinguish the amount of walking between the aerobic
exercise group and other groups.
The aerobic exercise group received walking training.
Training lasted for 30 min, five times a week, for 2
months. Exercise intensity was formulated by exercise
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load capacity tested results as follows: heart rate (HR)
was measured every 5 min with the aim of keeping it
between 60% and 70% of maximal HR (220-age). Pa-
tients were encouraged to increase intensity if the
HR was less than expected, or to decrease the intensity
if it was more than what was expected, ensuring that
effectiveness of aerobic exercise training was achieved
30 min.
Acu-TENS therapy
According to reports18,19 on the clinical treatment of dia-
betes mellitus, bilateral Quchi (LI 11), Hegu (LI 4),
Zusanli (ST 36), and Sanyinjiao (SP 6) were selected.
Four pairs of electrodes were separately fixed at bilater-
al Quchi (LI 11), Hegu (LI 4), Zusanli (ST 36), and
Sanyinjiao (SP 6). TENS (120Z therapeutic apparatus,
China) was used, and the stimulation parameters were
10 Hz and 5 mA with a discontinuous wave (muscle
contraction 7 times with an interval of 8 seconds be-
tween contractions). The stimulation of the acupoints
was done with electrode pads (WLJ54, Shenzhen, Chi-
na). Patients with diabetes received treatment with
Acu-TENS by stimulating the selected acupoints. The
control group treatment was no different from the
Acu-TENS group except that no current flowed
through the electrodes. The location of the electrodes
are on the bilateral upper and lower limbs at points
Quchi (LI 11), Hegu (LI 4), Zusanli (ST 36), and
Sanyinjiao (SP 6).
Detection of indices
Glycosylated hemoglobin (HbA1c) is an important in-
dicator for diabetes. It can be used to reflect changes in
glucose metabolism from 1-3 months and is a stable
biochemical index.20 It was recommended by the Amer-
ican Diabetes Association in the 2010 Clinical Practice
Recommendations21 and considered as the golden stan-
dard of diagnosis for type 2 diabetes mellitus.22 HbA1c
was detected by medium pressure liquid chromatogra-
phy with an HA-8160 automatic analyzer (ARKRAY
Co., Tokyo, Japan).
2h PG can reflect the blood glucose peak after meals. It
plays an important role in controlling an overall glyce-
mic level, and can reflect metabolic disorders.23 2h PG
Enrollment
Control group (n =30).
Received sham
electrical stimulation
Aerobic exercise group
(n = 30). Engaged in
walking exercises.
Analysed at pre-treatment, at post-treatment and at follow-up.
Control group (n = 30), aerobic exercise group (n = 30), acu-TENS group
(n = 30)
Assessed for eligibility
(n = 90)
Dietary instruction and
essential drugs guiding
Random allocation
(n = 90)
Allocation Measure indexes atpre-treatment
Acu-TENS group
(n = 30). Underwent
Acu-TENS
Detected the indexes
at post-treatment
Detected the indexes
at post-treatment
Detected the indexes
at post-treatment
Follow-up Follow-up
Discontinued sham
electrical stimulation
(n = 30)
Discontinued
walking exercises
(n = 30)
Discontinued
Acu-TENS
(n = 30)
Tested the indexes at
follow-up
Tested the indexes
at follow-up
Tested the indexes
at follow-up
Analysis
Figure 1 Flow chart of the study
Acu-TENS: transcutaneous electric nerve stimulation over acupoints.
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was detected by an automatic biochemical analyzer
(Beijing Lidman Biochemical Technology Co., Ltd.,
China) for the glucose oxidase index.
Reduction in insulin resistance and β-cell insulin secre-
tion are risk factors for type 2 diabetes mellitus.24 Fast-
ing serum insulin (FISN) can directly reflect the insu-
lin level in vivo and is used to estimate insulin resis-
tance.25 It can be used for monitoring the progress of
T2DM, which we measured using chemiluminescence
(Beijing Chemclin Biotech Co., Ltd., China).
Dyslipidemia is one of the risk factors for diabetes.26
Triglyceride (TG) and total cholesterol (TC) levels
were used for monitoring the level of lipids during the
study. They were detected separately by the cholesterol
oxidase method and oil phosphate oxidase method,
Code C011-0500 (Hitachi, Tokyo, Japan).
Body mass index (BMI) is an important indicator that
can screen patients who have dyslipidemia. It is a use-
ful indicator for abnormal glucose tolerance and insu-
lin resistance. BMI is used to monitor patients under-
going nutritional and activity counseling and associat-
ed complications, and minimize mortality.27
Measurement conducted time points
All measurements were conducted at pre-treatment,
post-treatment (2 months), and follow-up (2 months
after treatment).
Statistical analysis
The statistical analysis software SPSS 13.0 (IBM, Chi-
cago, IL, USA) was used for statistical analysis. Values
were represented as mean ± standard deviation ( xˉ ± s).
P < 0.05 was considered significant. The data were ana-
lyzed using repeated measures analysis of variance
(ANOVA), and then stratified analysis was performed
according to the time point. Multiple groups were com-
pared using single factor ANOVA. Student-New-
man-Keuls method was used to compare pairwise
among the groups. According to the stratified groups,
pairwise comparison was carried out on time points
with Bonferroni test. Enumeration data were com-
pared by the Chi-squared test.
RESULTS
As shown in Table 1, there were no statistical differenc-
es in age, height, and sex among the groups (P > 0.05).
Figure 2 shows the statistical results of BMI, HbAlc,
2h PG, FISN, TC, and TG at different times in the
three groups. Repeated measures ANOVA was used
and interactions were found about the BMI values:
[group factor (F = 2.639, P = 0.053), time factor (F =
397.155, P = 0.000), group and time interaction (F =
50.902, P = 0.000)]. Therefore, one-way ANOVA was
performed at different time points. There was no differ-
ence in the BMI values at pre-treatment among the
three groups (P > 0.05). At post-treatment, the BMI
values were significantly lower (P < 0.05) compared
with the control group but there was no significant dif-
ference (P > 0.05) between the aerobic exercise and
Acu-TENS groups. The BMI values of the aerobic exer-
cise group and Acu-TENS group decreased significant-
ly when comparing their pre-treatment (P < 0.05) level
to post-treatment level. At follow-up, the BMI in the
groups rebounded significantly (P < 0.05), and there
was no difference between each group or compared
with before treatment (P > 0.05).
Similarly, repeated measures ANOVA was used and
HbAlc, 2h PG, FISN, TC, and TG were obtained
[HbAlc: group factor (F = 1.480, P = 0.224), time fac-
tor (F = 63.830, P = 0.000), group and time interac-
tion (F = 5.308, P = 0.000). 2h PG: group factor (F =
1.897, P = 0.134), time factor (F = 245.107, P =
0.000), group and time interaction (F = 29.852, P =
0.000). FISN: group factor (F = 0.854, P = 0.467),
time factor (F = 289.321, P = 0.000), group and time
interaction (F = 34.616, P = 0.000). TC: group factor
(F = 1.968, P = 0.103), time factor (F = 310.772, P =
0.000), group and time interaction (F = 23.968, P =
0.000). TG: group factor (F = 1.698, P = 0.154), time
factor (F = 305.547, P = 0.000), group and time inter-
action (F = 25.524, P = 0.000)]. There was no signifi-
cant difference from pre-treatment to follow-up time
point among the three groups (P > 0.05). After treat-
ment, each index decreased significantly (P < 0.05)
compared with that of the control group and the
pre-treatment values of each group. However, there
was no significant difference in the interior-group (P >
0.05). At follow-up, each index rebounded significant-
ly (P < 0.05), but they were lower than that of
pre-treatment (P < 0.05).
DISCUSSION
After 2 months of treatment we found that the blood
Variable
Age (Y)
Height (M)
Male [n (%)]
Control group
63.23±10.41
1.61±0.07
12 (40.0)
Aerobic exercise group
63.53±9.36
1.61±0.07
12 (40.0)
Acu-TENS group
63.87±9.19
1.59±0.08
11 (36.7)
Notes: Acu-TENS group was received 30 min electrical stimulation. Control group was given 30 min sham electrical stimulation. Aerobic
exercise group was treated 30 min walking exercise. The three groups all needed take regular medication. Treatment consisted of 5 sessions
a week, 30 min per session, for of 2 months. T2DM: type 2 diabetes mellitus; Y: years; M: meter; Acu-TENS: transcutaneous electric
nerve stimulation over acupoints. There are no differences among the three groups in age, height and sex (P > 0.05).
Table 1 The demographic data of 90 study participants with T2DM (n = 30, xˉ ± s)
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index, BMI, and lipid index of aerobic exercise group
and Acu-TENS group improved, although they re-
bounded slightly at follow-up. There was no difference
in the indices between the groups before treatment.
However, there was a significant difference between the
indices, except BMI, from pre-treatment to follow-up
in both the Acu-TENS and aerobic exercise groups.
Therefore, Acu-TENS therapy could improve T2DM
similar to the accepted aerobic exercise therapy.
Aerobic exercise can increase skeletal muscle contrac-
tion and produce an insulin-like effect, thus resulting
in muscle cell glycogen accumulation.9 Glycogen accu-
mulation reduces blood glucose content. Although
studies28-32 have raised the question of whether aerobic
exercise can increase insulin sensitivity of patients with
T2DM, it can improve blood glucose, hemoglobin,
and blood lipid indices.28-32 This is consistent with our
study except the serum insulin index. Aerobic exercise
improved the glycemic index, so patients need to
achieve to certain activity intensity11,12 to see benefits.
However, most patients with T2DM are elderly and
may have heart disease, cerebral vascular disease, or
bone and joint diseases.33 Therefore, it is not easy for
them to comply with a long-term exercise program.
Stimulating acupoints as a treatment for obesity has
been widely accepted in traditional Chinese medicine.
However, acupuncture may increase the risk of infec-
tion, especially for patients with diabetes.18,34 Because
Acu-TENS does not induce infection and pain like
electro-acupuncture (EA), it could be considered a
helpful and simpler means for self-treatment. Electric
stimulation is used to treat pain or dysneuria. Studies
on electrical stimulation in the treatment of diabetes
have also included EA, gastric pacing, intestinal electri-
cal pacing, nerve stimulation, and muscle stimula-
tion.35-38 Some studies have shown that transcutaneous
electrical muscle stimulation with a low stimulation fre-
quency could be an effective method to enhance glu-
cose metabolism.37,39 Electrical stimulation might prefer-
entially activate type 2 fibers with larger axons, in
which glycogen is substantially used and externally ap-
plied electric current is easier to pass.40 However, these
studies do not mention which muscle or site is selected
and whether stimulating different parts of the body sur-
face have different reactions to T2DM. Acu-TENS
combines electrical stimulation and acupoints. The
treatment has different effects on T2DM that may be
related to acupoint selection and current. One study
showed that EA at 2 Hz for 30 min for 20 days could
improve the glycemic indices of obese or women with di-
abetes, but not at 1 Hz for 15 min.19 Miyamoto et al 16
used percutaneous electrical muscle stimulation with
Acu-TENS groupControl group Aerobic exercise group
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Figure 2 The indices of measurement decreased after treatment and rebounded at follow-up
A: BMI; B: HbA1C; C: 2h PG; D: FISN; E: TC; F: TG. Acu-TENS group was received 30 min electrical stimulation. Control group was giv-
en 30 min sham electrical stimulation. Aerobic exercise group was treated 30 min walking exercise. The three groups all needed
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blood glucose; FISN: fasting serum insulin; TG: triglyceride; TC: total cholesterol. aP < 0.05, compared with pre-treatment in
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4 Hz for 30 min to decrease the glycemic index. We
found that Acu-TENS with 10 Hz for 30 min could
produce a positive effect on the blood glucose level of
patients with T2DM. Furthermore, selection is mostly
based on the tolerance of patients and its effectiveness
on low frequency stimulation. Therefore, the most ap-
propriate frequency needs further study. Meanwhile,
when the intervention ceased, the blood indices and
BMI of T2DM patients rebounded gradually. This re-
bounding indicates that the protocol needs to be opti-
mized to maximize the intended effect.
Acu-TENS could be an effective adjuvant treatment
for the management of T2DM. However, our study
lasted only 2 months. The effects of extended treat-
ment remain to be elucidated. Moreover, the frequency
of Acu-TENS and other points has not been intensive-
ly studied. Further studies must be conducted to ex-
tend our findings.
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